Rotaviruses, members of the family Reoviridae, are important causative agents of severe infantile diarrhea in children and animals (10, 12) . The rotavirus genome consists of eleven segments of double-stranded RNA (dsRNA) that are enclosed in a double-layered protein shell typical of most members of the family Reoviridae (14) . However, unlike the closely related reoviruses, rotavirus preparations derived from infected cells or from diarrheal stool samples also include particles with a single-layered protein coat (10, 12) . These single-layered particles have also been termed "rough particles," "dense particles," and "cores" (1) . They are readily prepared from whole virions by removal of the proteins of the outer shell, and like reovirus cores, they contain an active virion-associated transcriptase (9) . The single-layered particles, therefore, are most conveniently referred to as cores. The modified single-shelled rotavirus particles prepared by treatment with calcium chloride and termed cores (1) are better described as spikeless cores since, like alkali-treated reovirus cores (30) , they lack both the major peripheral protein and detectable RNA transcriptase activity (1) .
The presence of both cores and whole virions in rotavirus preparations used for initial serological studies created uncertainty concerning the identity of the antigenically important rotavirus surface proteins. The two sets of surfTace proteins on cores and virions are distinct (10, 12) and, perhaps predictably, induce different antibodies when a mixture of particles is used to prime the immune system. Consequently, the serological classification of rotaviruses recently has required modification (16, 27) : separate subgroup and serotypic antigens have been defined (16, 27, 28, 32, 33) which are located on the core and whole virion, respectively.
There are at least four serotypes of human rotaviruses (33) , the serotypic determinant being VP7, a 35,500-molecular-weight glycoprotein that is present among the outer proteins of the intact virion (10, 12) . VP7 has been identified as the translation product of genomic segment 9 (4, 15) , and the primary amino acid sequence of simian 11 VP7 has been * Corresponding author.
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deduced from the nucleic acid sequence of a cloned cDNA copy of the dsRNA segment (4) .
Less biochemical information is available for the subgroup determinant, which has been identified by genetic studies as VP6 (15) , a 42,000-molecular-weight non-glycosylated polypeptide that is coded for by genomic segment 6. Two rotavirus subgroups have been identified, principally on the basis of the immune adsorption hemagglutination test (16) but also in a more refined fashion by use of two monoclonal antibodies (11) capable of distinguishing subgroup 1 and 2 strains. Most rotavirus isolates so far examined with these monoclonal reagents fall into one of these two subgroups. However, since some monoclonal antibodies reacted with all viruses studied, the VP6 proteins must also share common epitopes. This conclusion is supported by the ability of polyclonal antiserum that has been raised against a single rotavirus type to detect most other rotavirus strains. The exception is the recently defined pararotaviruses (2), which have different nucleic acid sequences and are serologically distinct (22) .
The availability of cloned DNA copies of rotavirus genes now enables the rotavirus group and subgroup determinants to be further characterized. Here we report the complete nucleotide sequence of the genomic segment coding the VP6 of simian 11 rotavirus (subgroup 1) and human strain Wa rotavirus (subgroup 2). The aim of this work has been to identify those regions of the VP6 molecule which are similar in primary amino acid sequence (presumably responsible for cross-reactivity) and those regions of the polypeptide that contain amino acid substitutions which could form the subgroup epitopic determinants.
MATERIALS AND METHODS
Virus and viral RNA. Simian 11 (26) , and genomic dsRNAs were extracted from purified virions as previously described (13, 26) . (4, 19 (17) . The single termination codon at nucleotides 1215 through 1217 is followed by a 3'-terminal untranslated 8 12 region of 142 nucleotides. The termini of both genomic segments exhibit conserved nucleotide sequences at the 5'-etermining the nucleotide sequence of the (5' GGCTTT 3') and 3'-(5' ATGTGACC 3') ends of the NA genome segment 6 of (a) SAl and (b) molecules. These sequences have also been found for other ers refer to the distance in nucleotides x ere determined by copying cDNA from rotavirus genomic segments (3, 4, 6, 14) , indicating that for Maxam and Gilbert method (U) (20) , or by genomic segment 6, the cloning protocols used have yielded r subcloning Saou3Al fragments into the full-length copies of both viral RNAs.
3mp8 (0) (21, 24) .
The information presented in Fig. 2 6 by using a cDNA probe copied AAUAAA polyadenylation signal (23) as anticipated from that had been purified by polyacryl-the absence of polyadenylate on the messenger RNA of the sis (13, 26) . Selected clones obtained Reoviridae (14) . nfirmed as being copies of segment 6
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AAT GTA ACA TCC GTT AGG CAA GAG TAC GCA ATA CCA GTT GGA CCA GTC TTT CCA CCA GGT ATG AAC TGG ACT GAT TTA ATC ACC AAT TAT TCA CCG TCT AGG GAG (10, 12) suggest that this protein rotaviruses are compared. Major amino acid sequence conprobably constitutes the peripheral spikes of the icosahedral servation between VP6 proteins of rotaviruses of the two rotavirus core. Although immunogenic, VP6 must be almost different subgroups is consistent with the known ability of completely masked in the virion because little or no VP6-antibody primed by one rotavirus to detect most other specific antibodies were formed when rabbits were chalrotaviruses (12) , with the exception of the newly defined lenged with intact human, simian, or bovine rotaviruses (5a). pararotaviruses (2) , which are distinct (22 Amino Acid Number   FIG. 3 . Amino acid substitutions found between subgroup 1 (SAil) and subgroup 2 (Wa) rotaviruses. The amino acid changes are indicated by solid squares and are located on a hydrophobicity plot of the SAil polypeptide. The SAil amino acid present at each position is shown above the square and the amino acid present in the Wa sequence is shown below the square. The relative hydrophobicity index was generated by computer, using the method of Kyte and Doolittle (18) . Analysis of the Wa sequence by the same method yielded a similar hydrophobicity profile. Horizontal bars indicate the three putative antigenic regions which would encompass more than 70% of the amino acid changes found between the two polypeptides.
1 and 2 rotaviruses to be distinguished probably reside in three regions (Fig. 3, horizontal bars) which contain most of the amino acid changes.
In the absence of any information on the tertiary structure of VP6, it obviously is not possible to identify precisely the regions of the molecule that constitute the subgroup epitopes: widely separated regions of the molecule could be brought into close proximity by folding of the polypeptides, as has been shown elegantly for the influenza virus hemagglutinin (31) . However, by analogy with the amino acid changes found to occur among H3 influenza viruses (8, 29, 31) , the best studied system involving variation in a viral antigen, the amino acid differences at residues 62 (Asn-Asp), 213 (Pro-Gln), and 315 (Glu-Gln) could contribute to the antigenic differences between the rotavirus subgroups. Other changes, for example, those located at residues 84 and 172, which are also likely to have surface locations in VP6 (Fig. 3) could also contribute to the antigenic determinants.
Since most of the amino acid changes found between subgroup 1 and 2 proteins are clustered in a few relatively restricted regions of the molecule, peptide synthesis should provide a feasible method by which the nature of the epitopic determinants could be further investigated. The synthesis of peptides corresponding to putative epitopic regions should enable the generation of site-specific antibodies that could be tested for subgroup specificity. Alternatively, blocking experiments could be carried out with selected synthetic peptides and the subgroup-specific monoclonal reagents already developed (11) . Either of these two experimental approaches should in the future enable the major subgroupspecific epitopes to be unambiguously located on the VP6 molecule. 
